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Intodudion
Pesticides represent a large group of

chemicals which in general usage are de-
scribed in terms of the organism they are
intended to kill.-3 As the use of these
chemicals has unfolded, some disquieting
phenomena have been observed. A
1984-85 Nebraska study found an annual
incidence rate of pesticide-related illness
of 1.35 cases per 10,000 population.4 Lym-
phoma and leukemia have been associ-
ated with higher death rates among Mid-
western farmers in regions of high
pesticide use5,6 and Reeves7 reported 15
children ages 2 to 17 years as having blood
dyscrasias developed shortly after inhala-
tion exposure to household insecticides.
Pesticides account for a small but impor-
tant number of acute human poisonings,
particularly in a state with substantial use
ofpesticides in both rural and urban areas,
such as Minnesota.8,9

Methods
The purpose of this study was to de-

scnbe pesticide exposure in the 1988 pop-
ulation of callers to Minnesota Regional
Poison Control Centers located at Henne-
pin County Medical Center and St. Paul-
Ramsey Medical Center. Centers docu-
ment exposure data utilizing the
Cooperative Poison Center Report Form
as designed by the American Association
ofPoison Control Centers (AAPCC). Data
from these report forms were processed
through each Center's computer system
and sent to the AAPCC's national data
collection project in Denver, Colorado.
Data tapes containing all of the 1988 data
for each Regional Center were then re-
turned to the Minnesota Center for Health
Statistics (MCHS) for collation, format-
ting, and analysis.

In cooperation with the MCHS all
Minnesota resident case files from 1988
reporting pesticide exposure to humans
were identified. All calls regarding human
contact with a chemical coded by the
AAPCC to be a herbicide, insecticide, ro-
denticide, or fungicide (nonmedicinal)
were selected. A total of 2,209 calls were
classified by the AAPCC system as pes-
ticide exposure calls for Minnesota in
1988, 4.3 percent of all human exposure
calls to Minnesota. Of these calls, 1,428
identified pesticides as the primary sub-
stance and 31 call files identified pesticides
as a secondary substance of human expo-
sure to Minnesota residents. The remain-
ing 750 calls were incomplete data files or
lacked the designation as a Minnesota res-
ident, thus were not available for second-
ary analysis.

The following descriptive analysis
applies to the 1,428 call files indicatingpes-
ticide as the primary substance of expo-
sure to Minnesota residents in 1988. These
data were derived from self-reported in-
formation. The use ofpoison control caller
files imposes the following limitations
upon the data: an unknown number of
pesticide exposure events may occur for
which no call was made; voluntary report-
ing ofdata via telephone is verified onlyby
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follow-up phone calls by poison center
specialists; data acquired by telephone are
limited to those who have access to tele-
phones and knowledge of the poison cen-
ter service; and by AAPCC definition ex-
posure relates only to suspected contact
with any substance(s) which, when in-
haled, ingested, applied to, injected into,
or developed within the body, may cause
damage to structure or disturbance of
function to living tissue. An actual poison-
ing event can only be verified through re-
view of medical outcome.

Results
Insecticide was identified in the larg-

est percentage of case files for Minnesota
(1,060 cases, 74 percent) followed by her-
bicide (168 cases, 12 percent), rodenticide
(155 cases, 11 percent), and fungicide-
nonmedicinal (45 cases, 3 percent). Ofthe
insecticide cases, those containingorgano-
phosphates (alone or in combination) were
reported most often (Table 1).

Carbamates were reported in 10
cases of fungicide exposure. Of the re-
maining fungicide cases, 19 were associ-
ated with phthalimide, three with non-
mercurial fungicides, and 13 unknown/
other.

Herbicide cases were most fre-
quently associated with 2,4-D (2,4-dichlo-
rophenoxyacetic acid) or 2,4,5-T (2,4,5-
trichlorophenoxyacetic acid) (78 cases, 46
percent) and triazine herbicides (10 cases,

6 percent). Diquat was associated with 13
cases, carbamate with four cases, and
other or unknown with 63 cases.

Rodenticide exposure calls were pri-
marily associated with anticoagulant
types (128 cases, 83 percent). Strychnine
was associated with three rodenticide ex-
posure calls and the remaining 24 roden-
ticide cases were otherAmknown.

Of the 1,428 cases, a mean age of 5
years (range, one month to 85 years) was
identified; 50 percent of all calls were re-
garding children under the age of 3 years
(Table 2). The 13-17 years category ac-
counted for the least number of cases
overall. The 18+ years old category ac-
counted for 53 percent of all herbicide-
related calls.

Male to female ratio was 1.3:1 ± 0.2
for all pesticide-related calls, as well as for
individual pesticide types, except herbi-
cides, where males represented twice the
number of cases as females.

Ninety-nine percent of all pesticide
calls were reported as unintentional poi-
sonings. General calls (not otherwise
specified) accounted for 94 percent (1,323
calls) of the unintentional calls while oc-
cupational-related exposure made up 4
percent (62 calls).

Calls originating from a residence ac-
counted for 85 percent of all pesticide poi-
soning calls. Health care facilities ac-
counted for 11 percent and work place for
3 percent.

Ingestion was the most common
route of exposure overall, and for each
pesticide type (60 percent), except herbi-
cide, where ingestion accounted for 39
percent and dermal exposure accounted
for 45 percent of calls.

Pesticide exposure calls by two-hour
interval present a bimodal distribution
peaking between 10:00 am and 11:00 am
(190 calls, 13 percent) and 6:00 pm and
7:00 pm (251 calls, 18 percent). Calls by
two-hour interval by pesticide type show
a similarbimodal distribution for each spe-
cific type of pesticide. The largest percent
of pesticide-related calls occur in the
months ofMay (16 percent), July (15 per-
cent), and August (13 percent) (Table 3).

Thirty-three percent of the calls (468
calls) were documented as symptomatic.
Two hundred eighty-eight of these were
classified as symptomatic related to the
pesticide exposure. By pesticide type, ro-
denticide calls reported the least number
(3 percent) of calls as symptomatic related
to the exposure.

Ninety-nine percent of all calls were
associated with acute exposures. The ma-
jority of calls were managed at a non-
health care facility (86 percent) while 12
percent were either managed at (107 calls)
or referred to (69 calls) a health care facil-
ity. More fungicide cases (93 percent)
were managed at a non-health care facility
(e.g. managed at home) than any other
pesticide type.

Dicussion
Since 1986, pesticides have ac-

counted for approximately 4.3 percent of
all human exposure calls reported to Min-
nesota Regional Poison Centers. This is
consistent with the percent of calls asso-
ciated with pesticides nationally as re-
ported by the AAPCC.8 As such, the state
data reported here represent but a small
portion of a much larger national picture.

Over the past 20 years in the US,
organochlorine insecticides have lost fa-
vor because of their long-term health ef-
fects and persistence in the environment
and have been surpassed in use by orga-
nophosphates and carbamates.10 Acute
toxicity related to organophosphate pesti-
cides is usually of rapid onset thus symp-
toms can be more readily associated with
acute exposure to this pesticide type. It is
thus not unreasonable that exposure to or-
ganophosphate insecticides make up the
greatest percent ofcalls (22 percent) in this
study. This is also consistent with a Ne-
braska study where 25 percent of the
emergency room visits and hospitaliza-
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tions for pesticide-related illness during
the 1984-85 crop season were due to or-
ganophosphates.4

In our study herbicide type exposure
calls present a much different picture than
other pesticide tpes. They are typically
associated with the adult (18+ years) male
experiencing a dermal exposure. With the
growing use of herbicides both in agricul-
tural (175 percent increase from 25 years
ago2) and urban settings the percentage of
calls received (0.4 percent of all human
exposure calls since 1985) in comparison
to exposure potential appears low.11-14

Looking at the adult environments of
work place (six calls) and type ofexposure
as occupational (18 calls), the difference in
exposure for herbicides by age is not ex-
plained. It is still general unintentional res-
idence exposures that account for the ma-
jority of herbicide calls in this study. Why

this overrepresentation of adults for her-
bicide exposure calls occurs is an area for
further research.

With 50 percent of all calls, examined
in this study, reporting pesticide exposure
to children under the age of three years,
concern arises over long-term effects to
this population group. Several authors
have explored the long-term effects of
such exposures on children.2,15,16

Chronic exposure to fungicides has
been reported by Moses2 as posing the
greatest risk of cancer as compared to
other pesticide types. Thus, while repre-
senting only 3 percent of the calls in this
study, the cumulative effects of such ex-
posuresmay have far greater implications.

Blanc and Olson17 suggest that poi-
son centers are ideally suited to occupa-
tional disease surveillance as used for
early detection of disease, for timely iden-

tification of individual cases, and temporal
trends. In this sense, each poison center
report could potentially serve as a sentinel
health event. Sentinel health events refer
to a preventable disease, disability, or un-
timely death whose occurrence serves as
a warning signal that the quality of pre-
ventive and/or therapeutic medical care
may need to be improved.'8,19

Acute pesticide poisoning reports, as
used in this study, would meet the criteria
used by Blanc, et al,'7'20 in their investi-
gation of the usefulness of poison center
data. Those exposures to pesticides with
rapid onset of symptoms, such as in the
case of organophosphates, are ideally
suited for surveillance through such a sys-
tem. Reporting occurs coincidental with
the exposure and its associated symp-
toms, and there are no delays as in the
case of retrospective surveys. In this
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sense, each pesticide poisoning report
could potentially serve as a true sentinel
health event for the state. E
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Introdudion

Lead poisoning from exposure to air-
borne lead in indoor firing ranges is an
occupational disease of public health con-
cern. Several studies of occupational lead
toxicity have been documented at indoor
firing ranges.'-7 The major route of ab-
sorption for lead in firing ranges is through
inhalation of lead dust and fumes. Inade-
quate ventilation and lack ofpersonal pro-
tective equipment use by instructors may
result in lead toxicity.

Instructors assigned to firing ranges
are likely to have higher exposures because
they may spend significant time in that en-
vironment. Several occupational studies
have suggested that exposure to lead may
be a health risk for users of indoor firing
ranges.8-10 However, the extent of this risk

among firearm instructors at outdoor firing
ranges has not been documented. This
study had two objectives: to evaluate the
health risks to instructors from airborne
lead exposure from nonjacketed, lead bul-
lets; and to document the reduction or
elimination of this riskby using totally cop-
per-jacketed lead ammunition.

Metods
Two instructors, not involved in fir-

ing, were studied from June 17 to Septem-
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